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THIS DEVELOPMENT OF rMlVlUNO- 
genic vaccines against major 
encapsulated pathogens of 
childhood lias dramaucally de- 
creased (he rates of invasive disease 
caused by Haemophilus influenzae lype 
b, sero^roup C Neisseria meningitidis, 
and Streptococcus pnetunoniac in the de- 
veloped countries fortunate enough to 
be able to alTord the vaccines. Since the 
introduction of a monovalent seto- 
group C meningococcal glycoccmju- 
gatc vaccine (MenC) into the UK rou- 
tine immunization schedule in 
November 1999, group C meningococ- 
cal disease has decreased by 87% in me 
ages (argeied for vaccination, with es- 
timated vaccine efficacy of 90%, 1 Within 
2 years of the introduction of a 7-va- 
lent pneumococcal glycoconjugate vac- 
cine into the recommended infant 
schedule in the Unired States, there was 



Context The success of conjugate vaccines in decreasing invasive d is ease due to Strep- 
tococevs pneumoniae and group C Neisseria meningitidis has placed pressure on crowded 
Infant immunization schedules, making development of combination vaccines a priority. 

Objective To determine the safety and immunogenfdty of a combination 9-valent pneu- 
mococcai-group C meningococcal conjugate candidate vaccine (Pnc9-MenQ adminis- 
tered as part of the routine UK infant immunization schedule at ages 2, 3, and 4 rnorrths. 

Design, Setting, and Participants Phase 2 randomized controlled trial con- 
ducted from August 200O to January 2002 and enrolling 240 healthy infants aged 7 
to 1 1 weeks from 2 UK centers, with home follow-up visits at ages 2. 3, 4 r and 5 months/ 
Intervention Pnc9-MenC (n=120) or monovalent group C meningococcal conju- 
gate vaccine (MenC) (n=120> administered in addition to routine immunizations (diph- 
theria and tetanus toxoids and whole-cell pertussis [DTwPJ, Haemophilus influenzae 
type b [Hib] polyribosylribitol phosphate-tetanus toxoid protein conjugate, oral polio 
vaccine). 

Main Outcome Measures Croup C meningococcal Immunogenicity measured by 
serum bactericidal titer (SBT) 1 month following the rh ird dose; rates of postimmunl- 
zatron reactions. 

Results MenC component immunogenic^ was reduced in the Pnc9-MenC vs the MenC 
group (geometric mean SBT, 179 [95% confidence interval {Cl} f 133-243] vs 808 [95% 
CI, $30-1037], respectively; P<001). The proportion With group C meningococcal SBT 
greater than 1 :8 was lower in the Pnc9-MenC vs the MenC group (95% vs 1 00% , P=.05). 
The geometric mean concentration of antibodies to concomitantly administered Hib vac- 
cine was reduced in the Pnc9-MenC vs the MenC group (2.1 1 [95 % Cl, 1 57-2.84] ug/mL 
vs3.36 [95% Cl, 2.57-4.39] ug/mL; P= .02), as were antibodies against diphtheria (0.74 
[95% Cl, 0,63-0.87] ug/mLvs 1.47 [95% Cl, 1.28-1.69] pg/mL; P<.001). Pnc9-MenC 
was immunogenic for each of 9 contained pneumococcal serotypes, with responses greater 
than 0.35 pg/mL observed in more than 88% of infants. Increased irritability and de- 
creased activity were observed after the third dose in the Pnc9-MenC group. 
Conclusions Pnc9-MenC combination vaccine administered to infants at ages 2. 3, 
and 4 months demonstrated reduced group C meningococcal immunogenidty com- 
pared with MenC vaccine. The immunogenicity of concomitantly administered Hib 
and DTwP vaccines was also diminished- The Pnc9-MenC vaccine was safe and im- 
munogenic for all contained pneumococcal serotypes. The reduced MenC immuno- 
genidty may limit the development of the Pnc9-MenC vaccine. 

JAMA. 200%29S;1751-17S8 www.jama.com 
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a 69% reduction in culture- positive in- 
vasive pneumococcal disease in chil- 
dren younger than 2 years 2 However, 
outside North America, and especially 
in developing nations where the toll of 
pneumococcal disease is highest, the 
7-valent pneumococcal glycoconju- 
gate vaccine does not cover all of the 
prevalent serotypes. In particular, \hc 
inclusion of serotype 1 is considered vi- 
tal to achieve optimal coverage inter- 
nationally. 

The advent of these efficacious and 
safe vaccines has increased pressure on 
crowded infant immunization sched- 
ules. Infants in the United States re- 
ceive up to 20 separate vaccine injec- 
tions over 5 immunization encounters 
at ages 2, 4, 6, 12 T and 18 months to 
protect against disease due to hepari- 
ns B, diphtheria, tetanus, pertussis, po- 
lio, measles, mumps, rubella , vari- 
cella, H influenzae type b\ and 
pneumococcus. The UK immunisa- 
tion schedule differs in having an ac- 
celerated infant schedule at ages 2 { 3, 
and 4 months and no l&-month booster 
visit. Infants in the United Kingdom 
also do not receive hepatitis B, vari- 
cella, or pneumococcal vaccine, but 
routinely do receive 3 doses of MenC 
vaccine. The inclusion ofMcnC would 
add a further 3 to 4 doses to the US regi- 
men, while the inclusion of pneumo- 
coccal glycoconjugale vaccine would 
add at least 3 doses for UK infants. 
Many other countries, including Aus- 
tralia, Canada , and western European 
nations, have incorporated MenC 
and/or pneumococcal glycoconjugate 
vaccines into their recommended 
schedules. 

In anticipation of the recommenda- 
tion oFboth these vaccines in many de- 
veloped countries, the development of 
combination vaccines has become a pri- 
ority. The combining of pneumococ- 
cal and meningococcal conjugate vac- 
cines has the potential to spare US 
infants up to 4 extra injections by age 
1 6 months and to decrease parental and 
clinician concerns about the number of 
vaccinations in early childhood. In the 
United Kingdom, where vaccines are 
routinely administered in just 2 sy- 



ringes at each vaccination visit, a com- 
bination meningococcal- pneumococ- 
cal vaccine would avoid the need to 
increase from 2 to 3 injections at each 
visit-and thereby make the addition of 
pneumococcal vaccine to the sched- 
ule more acceptable. This report de- 
scribes the immunogenicity and safely 
of a combination 9-valent pneumococ- 
cal-grourp C meningococcal polysac- 
charide- protein conjugate candidate 
vaccine (Pnc9-MenC) given u> UK in- 
fants at ages 2, 3, and 4 mouths. 

METHODS ~~~ 
Participants and Recruitment 

The current study was a phase 1 ran- 
domized conl rolled trial conducted 
from August 2000 to January 2002 and 
enrolling healthy infants aged 7 to 11 
weeks from 2 centers in Oxford and 
Gloucester, Uniied Kingdom. In Ox- 
ford, up to 2 letters were sent to par- 
ents of eligible irifants belonging to gen- 
eral practice lists of 16 participating 
practices in Oxfordshire, inviting them 
to contact the investigators regarding 
the study. Parents interested in the 
study were visited at home by re- 
search nurses. If families wished to par- 
ticipate, informed written consent was 
obtained, followed by additional home 
visits. In Gloucester, parents of eli- 
gible children in the practice were sent 
letters of invitation to participate, and 
parents of eligible infants who ex- 
pressed an interest in the study were 
contacted by research nurses. Writteu 
consent was obtained at 1 of 14 par- 
ticipating practices, and subsequent 
visits also occurred there. Exclusion 
criteria included kuown immunosup- 
pression, previous vaccination (apart 
from BCG or hepatitis B vaccines), and 
confirmed invasive meningococcal or 
pneumococcal disease. The study was 
approved by the Central Oxford Re- 
search Ethics Committee (CORHC 
00.043) and the Gloucestershire Lo- 
cal Research Ethics Committee (GLREC 
99/1049). 

Visits and Vaccines 

The infants were visited at ages 2,3,4. 
and 5 months, with a window of 28 to 



42 days between visits. Infants were im- 
munized at 2, 3, and 4 months with 
diphtheria and tetanus toxoids and 
whole-cell pertussis (DTwP) vaccine 
(Avemts, Lyon, France), 0.5 mL, ad- 
mixed with H influenza type" b (I lib) 
polyribosylribitol phosphate-retanus 
toxoid protein conjugate fActHib; 
Aventis), 0.5 mL, administered intra- 
muscularly in the right anterolateral 
thigh. Infants also received oral polio 
vaccine, 2 drops administered orally, in- 
fants were randomised in a 1:1 ratio at 
study entry to receive in their left an- 
terolateral thigh either Pnc9-MenC 
(Wyeth Vaccines, Maidenhead, UK) t 
0.5 mL iutramuscularly, or MenC 
(Meningitec; Wyeth Vacdnes), 0.5 mL 
intramuscularly, at each vaccine visit. 
Randomization was performed by a 
computer-generated randomization list 
in blocks of 6. The study was not 
blinded because the Pnc9-MenC (ly- 
ophilized) and MenC (preprepared iu 
the syringe) vaccines were visually 
different. 

The Pnc9-MenC vaccine was a ly- 
ophilized preparation supplied in 
single-dose vials. Each 0,5-mL dose 
contained 2 ug of pneumococcal sac- 
charide conjugates 1, 4, 5, 9V, 14 T ISC, 
19F, and 23F; 4 ug of pneumococcal 
saccharide conjugate 6B; 1 0 ug of me- 
ningococcal group C oligosaccharide; 
and approximately 38.5 pg of cross- 
reacting material 197 (CRM 19r ) car- 
rier protein (a nontoxic variant of diph- 
theria toxin) with 0.5 mgoTaluminum 
phosphate (0.1.25 mg elemental alumi- 
num) as adjuvant. The MenC is a con- 
jugate vaccine containing meningococ- 
cal scrogroup C oligosaccharide 
conjugated to CRMw. Each 0.5-mL 
dose contained 10 ug oT meningococ- 
cal group C oligosaccharide, 13 ug of 
CRM, g7 carrier protein, and 0.5 mg of 
aluminum phosphate (0.125 mg el- 
emental aluminum) as adjuvant The 
MenC component in the Pnc9-MenC 
vaccine was derived from a different 
manufacturer lot than that in the Men C 
vaccine. Venipuncture was performed 
at the 2- and 5-month visits, and 2.5 to 
5.0 mL of blood was obtained for se- 
rologic assays. 
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Safety Evaluation 

following each immunization visit, in- 
fants were observed for 20 minuies Tot 
immediate hypersensitivity reactions, 
and parents completed diaries for the 
day or immunization and the 3 follow- 
ing days, recording all local and sys- 
temic adverse evenis. Local reactions so- 
licitcd included tenderness and 
presence and size of erythema and in- 
duration. Systemic events solicited in- 
cluded drowsiness, change in appe- 
tite, irritability, persistent crying, 
changes in activity level, and use of an- 
tipyretic medication. Parents mea- 
sured their child's axillary tempera- 
ture on the evening after vaccination 
and the subsequent 3 evenings. Fever 
at any other time in the 't-day period 
was also recorded. Information on ad- 
verse events was actively obtained by 
research nurses using telephone calls 
up to twice in the week after vaccina- 
tion and monthly visits up to age 5 
months (1 month after the last vacci- 
nation). All events requiring a visit to 
a clinician, as well as all serious ad- 
verse events, were reported. Tempera- 
ture greater than 39.5°C per axilla 
within 48 hours and prolonged incon- 
solable or high-pitched screaming for 
more than 3 hours following vaccina- 
tion were exclusion criteria for fur- 
ther smdy doses. 

Serologic Assays 

Serum samples were tested by serum 
bactericidal assay (SBA) for funciional 
antibody against group C N meningiti- 
dis as previously described, using haby 
rabbit complement, at the Public Health 
Laboratory Service Meningococcal Ref- 
erence Unit, Manchester, UK. 3 SBA ti- 
ters were expressed as the reciprocal se- 
rum dilution yielding 50% or greater 
killing after 90 minutes. SBA titers less 
than 4 were designated a value of 2. The 
geometric mean titer (GMT) and the 
proportion in each group exceeding ti- 
lers of the protective correlate o f 1 ;8 and 
the suggested long-term protected cor- 
relate of 1 : 1 28 were determined Cor each 
group. Enzyme-linked immunosor- 
bent assays (ELlSAs) were also per- 
formed for antibody responses to me- 

©2005 American Medical Association. All rights reserved. 



ningococcal group C capsular 
polysaccharide, diphtheria, tetanus, per- 
tussis (pertussis toxin, filamentous 
hemagglutinin), and Hib as previ- 
ously described/ For diphtheria and 
tetanus, the accepted protective corre- 
late of 0.1 u&frnL was used, while for 
Hib the short-term (0-15 ug'mL) and 
long-term (1.0 pgfaiL) correlates were 
used.* Polio types 1, 2, and 3 re- 
sponses were assessed by neutraliza- 
tion assay/ Geometric mean concen- 
trations (CMCs) were determined for 
each group, and the proportions reach- 
ing predetermined protective cutofT lev- 
els for each assay were also described. 

Pneumococcal serolype-specific an- 
tibody concentrations were measured 
using IgC ELlSAs to detect antibody to 
pneumococcal capsular polysacchari- 
des types 1 , 4, 5, 6r3, 9V, H, 18C, 19F, 
and 23 F. 6 A number of protective cut- 
offs have been suggested, with 0.2 
Hg/mL and 0.35 ug/mL most often pro- 
posed as short- term protective corre- 
lates. Of these, the more stringent 0.35 
pgAuL was used in this study, but 0.2 
ug/mL is also presented. The long- 
term correlate used was 1.0 ug/raL. 

All assays were performed at Wyeth 
Laboratories. Rochester, NY, apart from 
SBAs against group C N meningitidis. 
Laboratory siaff were blinded to par- 
ticipant allocation. 

Statistical Analyses 

Antibody levels were log-trans- 
formed, and CMTs and GMCs with 
95% confidence intervals (CIs) calcu- 
lated. The i test was used to compare 
postvaccination GMTs (MenC SBA) or 
GMCs between groups. The x 2 test was 
used to compare proportions achiev- 
ing predetermined protective levels be- 
tween groups. The \ l tesi was also used 
to compare proportions of infants with 
adverse reactions between groups. 

The predicted sample was based on 
the primary immunogenicUy measure 
of meningococcal group C SBA after 
dose 3 for a range of threshold values 
from 1:8 to 1:256. Based on previous 
data showing that more than 95% of i n- 
fants in the MenC control group had 
SBTs greater than 1;8, 100 per group 
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M&fiC irtdkatt^ monovalent group C meningococcal 
■ttnjugatei Pnc9-MenC r 9-valcrrt pncumococcal- 
group C meningococcal conjugate 
'Two infants withdrawn following first vaccination. 
1 due to fever and 1 due to prolonged crying and fe- 
ver; 3 Infants withdrawn following second v&eana- 
tlon (2 due to prolonged crying, 1 due to fever). 
TWTth drawn following second vaccination due to pro 

longed eryinft. 



were required to demonstrate rionin- 
feriorUy of Pnc9-MenC, with a-.05 and 
power of a0%- 4 Allowing for a 20% 
dropout rate, a sample sizt of 240 in- 
terns was selected. Analyses were per- 
formed using Imercoolcd Stata ver- 
sion 8.0 (Stata Corp, College Station, 
Tex). 

RESULTS 

Two hundred forty infants were ran- 
domized between August 2000 and Sep- 
temher 2001 . The Pnc9-MenC group 
contained 66 male and 54 female in- 
fants of mean age 1.96 months; the 
MenC group contained 63 male and 57 
female infants of mean age 1.92 raonihs. 
Thepartidpam [low is summarized in 
ihc Figure. 

Safety 

Both PncQ-MenC and MenC were well 
tolerated, with no immediate adverse 
events. Two iufants in the Pnc9- 
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McnC group were withdrawn follow- 
ing the first vaccinator! at 2 months, J 
due 10 fever and 1 due to prolonged cry- 
ing and fever. Four Infants were with- 
drawn after the second vaccination at 
3 months, 3 due to prolonged crying 
Q Pnc9-MenC 1 MenC) and 1 due to 
fever (Pnc9-McnC). TABLE 1 de- 
scribes the proportions in each group 
experiencing local and systemic ad- 
verse events. Local reactions in the 
study vaccine limb were uncommon in 
both groups. Temperature greater than 
38°C per axilla was reported in 42 in- 
fant (35.3%) receiving Pnc9-MenC and 
in 32 (26.7%) of those receiving MenC 
(P=.15). Irritability (65.2% vs 48.7%, 
and decreased activity (33.0% 
vs 20.2%, P=.03) were reported more 
frequently after the third dose in the 
Pnc9-MenC group than in the MenC 
group, but not after other doses. 

tmmunogenicrty 

The Pnc9-MenC vaccine was less im- 
munogenic man the MenC vaccine in 
induction of serogroup C. meningococ- 
cal polysaccharide antibodies as deter- 
mined at age 5 months by both. SBA and 
ELISA (SBA GMT, 179 [95% CI, 133- 
243] for Pcu9-MenC vs 808 [95% CI, 



630-10371 for MenC; P<.001) 
(Table 2). The proportions of infant se- 
rum samples with serogroup C menin- 
gococcal SBA titers greater than 1: 1 28 
and greater than 1 :8 were also lower in 
this group. 

Geometric mean Hib antibody con- 
centrations following 3 doses of Hib 
vaccine were also reduced in the Pnc9- 
MenC group when compared with the 
MenC group (2.11 |95% CT, 1,57- 
2.84) pgmiL vs 3.36 [95% CI, 2.57- 
4.39] ug/mL; P^.02) (Table 2). How- 
ever, the lower GMC was not reflected 
in differences in die. proportions of se- 
rum samples in the 2 groups exceed- 
ing 0.15 pg/mL and 1.0 pg/mL at 5 
months of age. Antidiphtheria anti- 
body levels also differed between the 
groups when measured at 5 months, 
with lower GMC achieved by die Pnc9- 
MenC group when compared with the 
MenC group (0.74 [95% CI, 0.63- 
0.87] pg/mL vs 1.47 195% CI, 1.28- 
1-69] ug/raL, respectively; P<.001) 
(Table 2) % although all infants in both, 
groups surpassed the protective cutoff 
of 0.1 ug/mT. Antitetanus GMCsdid not 
differ significantly,* There were no dif- 
ferences between the groups in re- 
sponses to the other concomitantly ad- 



ministered vaccine antigens at age 5 
months following the 3-dose routine 
primary vaccine series. 

All pneumococcal serotypes con- 
tained in the vaccine wctc immuno- 
genic (TABLE 3), with at least 88% of 
recipients developing posivaccination 
GMCs greater than 0.35 ug/mL to each 
serotype. The greatest proportions de- 
veloping GMCs greater than l.Opg/mL 
were achieved forserotypes 1,4, 14, and 
19F and the lowest for serotypes 6B 
and 9V. 



COMMENT 

This study describes the first infant trial 
of a candidate combiuation Pnc9- 
MenC conjugate vaccine. It illustrates 
the unpredictability of immunogenic- 
ity when combining multivalent vac- 
cines, each immunogenic in separate 
form. The reduced immunogenicity of 
the serogroup C meningococcal com- 
ponent of Pnc9-MenC as well as con- 
comitantly administered Hib and diph- 
theria may limit its funhcr development 
We found Pnc9-MenC to be well tol- 
erated and immunogenic for die pneu- 
mococcal serotypes contained in the 
vaccine. While absolute pneumococ- 
cal serotype-specific serologic corre- 



Table 1 . Reartogenicity of Pnc9-MenC and MenC Vaccines Given Concurrently With OTwP/Hib and OPV Vaccines in Infants Aged 2, 3, and 
4 Months 









Events, No. (%) 








i 

Firnt Dose 


Second D 


OSB 


Third Dose 


Adverse Event 


i 

Pnc^-MenC 
(n = 120) 


l 

MenC 
<n = 120) 


1 

Pnc9-McnC 
(n»118) 


I 

MenC 
(n = 120) 


r " " 

Pnc9-MenC 
(n = 115) 


I 

MenC 
(n = ii9) 


Local reactions 
Erythema 




0 


0 


0 


0 


1 (0.8) 


Swelling 


1(0.S) 


1 (0.5) 


1(0.8) 


0 


□ 


1 10.8) 


Tenderness 


3 (2.5) 


5(4.2) 


1(03) 


1(0.8) 


0 


2(1.7) 


Any local reacilon 


8(8.7) 


11 (9.2) 


9(7.6) 


15(12.S) 


6(5.2) 


10(8.4) 


Systanlc reactions 

Fever (temperature >36 < 'C) 


21 (17.5) 


15(12.5) 


10(6.5) 


5(4.2) 


U(12.2) 


9(7.6) 


Irritability (any) 


92(76.7) 


96(61.7) 


83 (70.3) 


78 (65.0) 


75 (65 .2)* 


56 (45.7) 


Increased cryrrtQ 


3(2.5) ■ 


4 (3.3) 


3(2.5) 


3(2.5) 


3 (2.6) 


1 (0.B) 


Drowsiness 


31 (67-5) 


73 ((50.9) 


BB(57.6) 


58 (18.3) 


60 (52.2) 


49 (ac.3) 


Decreased actt\4ry 


50(41.7) 


50(41.7) 


44 (37.3) 


35 (29.2) 


38 (33.0)t 


24 (20JZ) 


Anorexia 


55 I45.8) 


49 (40.5) 


38(32-2) 


37 (30 3) 


32 (27.8) 


26 (21 .B) 


Any systemic reaction 


108(90.0) 


110(91.7) 


1 02 (86.4) 


95 (79.2) 


91 (79, 1ft 


79 (66.4) 



w? . cdn9: fnce-MenC, pnBumococcaHjroup Q meninqococcai conjugal. 

P ^ .02 lor x iw; of proportion* balwrwn groups. 
jP - 03 (Of of proper! ore beiwem groups, 
¥* •« .03 tor x* lest of proportions berwttai gnj.ips, 
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laics of protection are unknown, ai least 
88% of infants achieved antibody con- 
centrations of 0.35 ug/mL or greater 1 
month after their third dose for each se- 
rotype. 7 The iinmunogenicity results for 
the serotypes also contained in the li- 
censed 7-valent pneumococcal conju- 
gate Prevnar (Wyeth Vaccines) (4, 6B, 
9V t 14, 18C, 19F, and23F) are similar 
to those obtained after 3 do«^> at ages 
2, 4 7 and 6 mouths with mat vaccine, 8 
Good immunogenicity was also 
achieved for the. additional serotype 1, 
but relatively lower GMCs were found 
for serotype 5, as observed with other 
9- and 11-valent pneumococcal vac- 
cines using varying conjugating pro- 
teins.* 11 

The laboratory correlate of natural 
protection against invasive meningo- 
coccal group C disease was estab- 
lished during military recruit studies in 
the 1960s. Goldschneider et al l - found 
the functional assay of j> roup C menin- 
gococcal SBA titer to correspond with 
clinical protection, with a titer greater 
than 1 :8 protective. Enzyme-linked im- 
munosorbent assay levels of antibody 
10 meningococcal group C capsular 
polysaccharide were found to corre- 
spond with this assay, with the protec- 
tive cutoffat 2 ug/mL.' 4 These assay lev- 
els formed the basis on which 
glycoconjugate MenC vaccines were li- 
censed and introduced into die UK na- 
tional immunization schedule in the ab- 
sence of efficacy data. Similar protective 
levels of antibody to H influenzae type 
b were also accepted following poly- 
saccharid e vacci ne studies, with a post- 
vaccination level greater lhan 0.15 
pg/roL corresponding to short-term 
protection and greater than 1.00 pg/mL 
with long-term protection. Labora- 
tory correlates of protection against 
pneumococcal disease have yet to be 
agreed upon. 

The Pnc9-MenC group achieved lower 
SBA titers to group C meningococcus 
than the MenC group, with a lower 
GMT. Fewer in the Pnc9-MenC group 
exceeded the protective threshold iner 
uf 1;8 and the putative threshold titer of 
1:128. Geometric mean concentrations 
of anticapsular polysaccharide anti- 



body measured by FT ISA were also lower 
in the Pnc9-MenC group, and fewer 
achieved the putative protective thresh- 
old of 2 pg/mL The incorporation of dif- 
ferent polysaccharide antigens into a 
multivalent conjugal e vaccine is techni- 
cally difficult and can unpredictably 
affect the immunogenicity of indi- 
vidual components. Previous hypoth- 
eses for unexpectedly low immunoge- 
nicity of conjugate vaccines have 



included carrier-induced epitope sup- 
pression, with immune responses di- 
rected against the carrier protein (here, 
the mutant diphtheria toxoid CRM W ) 
sirppressing the response to the cova- 
iently bound polysaccharide. 0 The in- 
creased amount of carrier protein in each 
Pnc9-McnC dose (38 ng vs 10 pg in 
MenC) offers some support to this 
theory. At least 2 manufacturers have 
used mixed carrier proteins for candi- 



Table 2. immunogenicity of the MenC Vaccine Component and Concomitant veccines 
1 Month After a 3-Dosef Immunization Series* 



Antigen/AsSay 




Pnc9-MenC 


No.r 


McriC 


P 

Value 


Neisseria m&vngifciis 5e»X»9iOUp C 
SBA 

k frr ff~lXTT\I pft 

bM I (yo% L*y 












111 


1 79 (1 33-243) 


117 


BOB (330-1037) 


<.001 


*T-|, _ •v. \ .Q Kin /Q/ i 

Titer > 1 fl. No. [%) 


MS 


109 (95) 


11B 


117 (99) 


.05 


liter > i :Vdo, NO- (%J 


1 15 


93 (Q1) 


1 18 


111 {94) 


.002. 


3 ISA 

CMC. Lig/mL (95% CI) 


115 


4*68(4.19 5.70) 


116 


23.27(20.13-26.84) 


<.Q01 


GMO >Z uo/rrt, No, [%) 


115 


105 (91) 


118 


118(100) 


•00i 


Hib EUSA 

GMC, U9/mL(35%CI) 


102 


2.11 (1.57-2.84) 


108 


3.36(2.57-449) 


.02 


>0.15ug/mUNa (%) 


ns 


110(96) 


118 


115(97) 


.45 


>i.00ugr'mLNa (%) 


115 


88(75) 


118 


100(85) 


.06 


Tetanus QJSA 

GMC, M9/niL (95% CQ 


99 


4.65(3-91-5.52) 


105 


5.89(4.99-6.96} 


.05 


>0.1 0J/mL.No.{%) 


115 


115(100) 


118 


118(100) 




DipninerlaEUSA 

GMaug/mL(05%Cl) 


106 


0.74(0.63-0.67) 


111 


1.47(1.28-1.69) . 


<00i 


>0.i lu/rnu no. (%) 


115 


1T5(10C9 


118 


116(100) 




BOrctetella pertussin BJSA CMC, 
M g/mL(95%Cf) 
Pertussin toxin 


102 


24.36 (17.25-34.39) 


110 


28.89(20.73-40.2$) 




FHA 


103 


59.0d(51.41-67.SO) 


109 


54.77 (47.69 -67.60) 


.44 


Po«ovinjs GMC. pg/mL (9598 CI) 
Pofiovirus 1 


101 


101.4(76-9-130,2) 


102 


88.3 (66.1-112.2) 


.38 


PoJiovirua 2 


101 


240.7(203.3-284.9) 


102 


245.8(203.0-297,6) 


.87 


Poliovlnjs 3 


101 


116.3(89.0-151.9) 


102 


112.5(69.6-140.9) 


.85 


Streptococcus oncumon&e 
BJSA GMC by seratypa. 
pg/mL(95%CI) 
1 


100 


1.43(1.15-1.79) 


104 


0.09(0.06 0.11) 


<.0O1 


4 


100 


1.20(0.95-1.53) 


104 


0.O4 (0.03-0.05) 


<-0Cn 


5 


10O 


0.77(0.66-0.90) 


104 


0.23(0,19-0.27) 


<.0Q1 


66 


100 


1.20(0.95-1,52) 


104 


0.18(0.11-0.22) 


<Wi 


9V 


100 


0.94(0.76-1.15) 


104 


0.12(0.10-0.15) 


<00i 


14 


100 


2AB (1.82-331) 


104 


0.11 (0.08 0.1 6) 


<.001 


18C 


100 


0.97 (0.79-1.20) 


104 


0.11 (0.09-0-14) 


<001 


19F 


100 


1.63<1.50«2*2J 


10A 


0.22 (0.22-O.35) 


<.0O1 


23F 


100 


1.15 (0.93-1 .43) 


104 


O n (0.08-O.13) 


<.001 



Attenuations: CI. oonMance irnarva): QJSA, ea^c-imlcw* irnmunosoroen: assay; fha. mamwious hfrroggMinn; GMC, 

gnemgtric mean COTCenirabon: GMT, ^ormlnc nwr rit^r. Ho. HaeroopMUS fftfufirLtf a lyfw b: MenC. nurwvnJant 

group C mei-wnaocaasnJ conjure; Pnctf- MenC. 9-valen; pnaumtxocctf-grwp C m^JngccoccBl conngaia: SEA, ee- 
mmdacterteJdaJacUuijy. 

*GMT/G»vC values compared uaiween ^gup? wing ( rest Proportlona abova earolo^c cutoffe c u n w jj benwwi gnups 

V5Jng x 2 fast 
fNumbi:rof h fen is <uth senm aampfae ootaiiad. 
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date conjugate vaccines to lessen the Im- 
pact uf immune responses to carrier pro- 
tein.* 14 The MenC component of the 
Pnc^-McnC vacdiie did come from a dif- 
ferent manufacturer lot than the MenC 
used in the control group. While il is pos- 
sible for minor immunogenic! ly differ- 
ences to occur, ii is unlikely that this is 
responsible lor the observed difference, 
considering iheadditional effects on Hib 
and diphtheria irnmunogeuiciry in rhe 
Pnc9-MenC group. 

Haemophilus influenzae type b anti- 
body responses were also unexpect- 
edly diminished in the Pnc9-MenC 
group. The Hib vaccine used in this Dial 
was administered concurrently with the 
study vaccines in the opposite limb, ad- 
mixed with DTwP, This reduction was 
not matched by reduced proportions 
achieving short-term protective titers 
greater than 0.15 u^mL. 5 Fewer in the 
Pnc9-MenC group reached long-term 
protective titers greater than 1.00 pgr* 
mL; however, the difference in propor- 
tions between groups was not signifi- 
cant. Similar reductions have been 



described when combination vaccines 
containing diphtheria-tetanus- 
accilular pertussis and Hib have been 
evaluated. 15 While the Hib conjugate 
vaccine used in the current study was 
coadministered in the same syringe as 
DTwP vaccine, it was administered at 
a separate site ihan the Pnc9-MenC or 
MenC vaccines, ruling out any physico- 
chemical interference. Neither can the 
phenomenon of carrier-induced epit- 
ope suppression explain this finding, as 
Pnc9-MenC and MenC vaccines both 
use the mutant diphtheria toxoid 
CRM id? as their conjugate protein. 16 
N on epi tope-specific suppression has 
been described in adults receiving f lib 
conjugate vaccines. Barington et al" 16 de- 
scribed reductions i n both T Tib and teta- 
nus toxoid antibody titers in patients 
receiving Hib-tetanns toxoid glycocon- 
jugate vaccine who had been prevac- 
cinaied with Hib-diphcheria toxoid giy- 
co conjugate vaccine 28 days earlier, 
com pared with those who had not been 
pre vaccinated. The same effect on Hib 
and diphtheria toxoid antibody titers 



was observed among patients prevac- 
cinatcd with Hib-teianus toxoid who 
were receiving Hib-diphiheria toxoid. 

The impact on Hib vaccine itnmuno- 
genicity is of particular interest in the 
United Kingdom, given the observed in- 
crease there in Hib vaccine failures in re- 
cent years. Rapid waning of initial liters 
has been described Tor all glycoconju- 
gate vaccines, and a lower initial sero- 
logic response may result in more rapid 
decline in titers/ 1 ' Similarly, recent 
analysis or the effectiveness of the na- 
tional MenC vaccination program in the 
United Kingdom has identified a poten- 
tial lack of protection beyond 1 year af- 
ter vaccination for those vaccinated as in- 
fants (at ages 2, 3, and 4 months), despite 
immunological memory being demon- 
strated with this regimen. 1 * In this con- 
text, a combination vaccine offering 
lower initial group C meningococcal tm- 
munogenicily would be unlikely to be ac- 
ceptable. These issues are likely tu be of 
particular concern where booster doses 
are not part of the immunization sched- 
ule. Tt is not known whether similar cf- 



TaWe 3- Giants Achievrng Putative Protective Pneumococcal Serotype- Sped He Antibody Concentrations 1 Month After Primary Immunization 










% (95% CI) 








mo 


i 

GMG 5:0.2 pg/mL 


GMC ^0.35 M9/mL 


GMC&1.0 pg/mL 


Serotype 


i 

Pnc9-MenC 


Mcnc 


Pnc9-MenC 


MenC 


I 

Pnc9-MenC 


MenC 


1 


2 


G9.0(5S.B to 76 2) 


57.1 (47.5 to 66.8) 


&7X) (37.0 to 57.0) 


34.3(25.1 to 43.5) 


13.0 (8.3 to 19.7) 


11.4(5.2 10 17.6) 




5 


94.0(893 to 96.7) 


22.2 (14.0 to 30.2) 


92.0 (B6.6id 97.4) 


15.4(8-310 22.4) 


79.0 (70.9 to 87.1) 


4.6 (0.6 to 9.0) 


4 


2 


38.0 (2BJ3 to 47.7) 


34.3 (25.1 to 43.5) 


21 JO (12.9 to 29.1) 


17.1 (9.BtD2A.5) 


3.0 (-0.4 to 6.4) 


4.7 (0.6 to S3) 




5 


93.0 (87.9 to 98.1) 


14.4 (7.6 10 213 


92.0 (36-6 to 97.4) 


8.7(3.2 to .41) 


T6.0 (67.5to84.5j 


4.6 (0.6 to 9.0) 


5 


2 


88.0 (81 .5 to 9^.4) 


63.8 (76.6 to 91 .0) 


76.0 ($7.5 to 84.5) 


70.5 (61 -6 to 79.3) 


27.0 (18.1 to 35-9) 


19.0(11.4 to 26.7) 




5 


95.0 (90.7 to 99.3) 


56.B (46.1 to 65.5) 


88.0(81.5 to 94.5) 


263 (19.3 to 35.6) 


39.0 (29.310 4S.7) 


2.9 (-0.3 to 6,2) 


6B 


2 


87,0 (60,3 to 93.7) 


82.9 (75.S to 902) 


76.0 (67.5 to 84.5) 


67.8 (58.5 to 76.7) 


42.0 (32.2 to 51. B) 


30-5(21.510 39.4) 




5 


95.0 (90-7 tt> 99.3) 


40.4 (30.B to 50.0) 


69.0 (82.8 to 95.2) 


24.0 (15.7 to 32.4) 


58.0 (46-2 to 67.8) 


7.7 (2.5 to 12.9) 


9V 


2 


79.0 (70.9 IOB7.1) 


73.3 (64.7 to 81 .9) 


56.0(46.1 to 65.9) 


48.6 (38.9 to 56.3) 


13.0 (6.3 to 19.7) 


15.2(8.2 10 22.2) 




5 


93.0(87.9 to 98.1) 


29.B (20.Sto3B.7) 


89.0 (62.8 to 95.2) 


17.3 (9,9 to 24.7) 


54.0(4^.1 io 63.9) 


3.8 (0.1 to 7.6) 




2 


70.0(60.9 to 79.1) 


66.7 (57.5 to 75.8) 


64.0(44.1 to 63.9) 


52,4 (42.7 to 62.1) 


39 0 (29.3 to 48.7) 


27.6 (18.9 to 36.3) 




5 


86.0(92.1 to 99.9) 


35.6 (2$.2 to 44.9) 


93.0 (87.9 to 96,1) 


20,2 (12.3 to 26.0) 


81.0 (73.2 to 88.8) 


13.5(6.6 10 20.1) 


1SC 




73.0 (B4.1 to 81 .9) 


68.6 (59.5 to 77.6) 


^6.0 (38.0 to 5B.0) 


46.7 (37,0 to 56.4) 


15.0(7.9 TO 22.1) 


16.2 (9.0 to 23.3) 




5 


93.0(87.9X0 99-1) 


27.9 (19.1 to 36.6) 


90.0 (84 .0 to 96.0) 


11.5(6.3 to17.B) 


59.0 (49.2 to 68.B) 


S.8 0-2 T0 10.3) 


19F 


2 


B9.0 (82.9 to 95.2) 


89J5 (B3.Sto 95-5) 


BO.O (72.0 to 68.0) 


77.1 (69.0 to 85 3) 


49.0 (3 1.0 to 59.0) 


38.1 (26.7 to 47.5) 




5 


97.0(93.610 100.0) 


56.7 (47.0 tO 66.4) 


92.0{8&6t.o 97.4) 


37.5 (28.0 to 47.0) 


B5.0(77.9 to 92 l) 


21.2 (13.2 to 29.1) 


23F 


2 


74.0 (65.3 lo B2.7) 


71.4(62.6 to 8D.2) 


60.0 (50.2 to 69.B) 


45.7(36.0 to 55.-1) 


19.0(11.2 to 26.8) 


1B.1 (10.6 to2S.6) 




5 


84.0(89-3 to 38.7) 


27.9(19.1 TO 36.6) 


69.0(62.8 TO 96.2) 


17.3 (8.9 to 24.7) 


60.0 (50.2 to 69.8) 


3.8 (0.1 to 7.6) 


^martr^SSi 553? GMC< aeamsMc ^nnlmnon; MenC. mmouadnn. group C meningococci conjugates *«9-Manc. 9-v^cnt rr^mococc&Kvoup c 
"ax aod 5 morilhr. hr each putative eenalngic cureff, proportion of Pncs-MenC was greater-iron the corresponding Mane graup proportion Cf^.001 ror *D Kcnvypes. by x 2 tear). 
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fecis on I lib and MenC immunogenic- 
iry would be observed when leed outside 
of die UK ^accelerated" infant immuni- 
zation schedule, which has only 1 month 
of separation between each dose, com- 
pared with 2 months of separation for US 
infants. 

The effect of Pnc9-MenC on diphdie- 
ria immunogenicity is also unexpected. 
As a mutant diphtheria toxoid, the pro- 
tein conjugate CRM ltf7 used in both study 
vaccines can independently induce an« 
dbody against diphtheria. 19 The Pnc9- 
MenC vaccine contained nearly twice as 
much CRM^ (approximately 38.5 pg) 
compared with MenC (20 pig). At each 
of 3 immunization visits only 1 month 
apart, children received in addition to the 
study vaccines a further 30 IU of diph- 
theria as part of DTwP vaccine. How- 
ever, the scrum samples of all vmxtnees 
exceeded die protective threshold of 0.01 
nj/mL and die reduced diphtheria im- 
munogenidty is probably of no clinical 
significance. 

The sample size of this study was se- 
lected for ihe primary immunological 
end point of group C meningococcal 
5BA cutotf levels. As a result, the abil- 
ity to detect adverse events associated 
with vaccination is limited only to com- 
mon adverse events. The proportions of 
children with systemic reactions were 
similar to those expected following 
whole-cell pertussis-containing vac- 
cines and were consistent with previ- 
ously described rates post DTwP vaeci- 
nation, 1 although irritability and 
decreased activity were more common 
after the ihird close of Pnc9-MenC com- 
pared with MenC- Tn addition, more 
children in the Pnc9-MenC group were 
withdrawn for prolouged fever or cry- 
ing (5 vs 1). Uncommon adverse events 
require ongoing cumulative monitor- 
ing across all clinical stages of develop- 
ment, including larger phase 3 trials, to 
enable assodatcuns to be detected. "Rare 
associations may not be detected until 
posdicensure surveillance. 

Although the study was random- 
ized, the inability to blind clinical in- 
vestigators and participating parents to 
vaccines given (due to visually differ- 
ent study vaccines) is a further limita- 



tion, with the putential for bias in re- 
porting of adverse events. Laboratory 
Staff performing immunological as- 
says remained blinded to participant al- 
location. The high rate ofrvfusai to par- 
ticipate, while typical of vaccine trials 
in developed countries, potentially di- 
minishes the generalirability of these 
findings. Finally, we did not compare 
the combination vaccine with sepa- 
rate, injections of MenC and Pnc9, as 
MenC is the standard currently used in 
the United Kingdom. It is possible that 
the administration of the vaccines sepa- 
rately may have had th e same effect on 
immunogenicity to meningococcus or 
coadministered vaccine antigens as ob- 
served here when given as a combina- 
tion vaccine. This possibility may war- 
rant further study. 

Since the pneumococcal serotype dis- 
iribution associated with invasive dis- 
ease varies around the world, increas- 
ing the number of serotypes in the 
pneumococcal coujugate vaccine is criti- 
cal in generalizing its potential benefit 
to many nations, especially developing 
nations where most of die estimated 1.2 
million childhood pneumococcal deaths 
occur each year. 20 Although the addi- 
tion orsenjtypes 1 and 5 only increases 
serotype coverage for invasive bactere- 
mic episodes from 62.2% to 82.6% in US 
children younger than 1 years, 21 in the 
United Kingdom this potential cover- 
age is estimated to increase from 79.3% 
to 86.7% in children younger than 5 
years when compared with the 7-va- 
leut vaccine. 2 ? In African nations where . 
invasive isolates have been serotyped, 
adding serotypes 1 and 5 boosts cover- 
age from 72% u> 91% over that poten- 
tially offered by the 7-valent vaccine. 21 

These resulrs highlight the unpre- 
dictability of immune responses to in- 
dividual vaccine antigens after incor- 
porating multiple antigens into 
combination vaccines and underline the 
importance of assessing the immuno- 
genic i^y of all coadministered vaccine 
antigens in prelicensure trials. The 
Pnc9-MenC vaccine as tested may not 
be a suitable replacement for indi- 
vidual MenC or pneumococcal glyco- 
conjugate vaccines. 
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